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ABSTRACT 

Th i s  r e p o r t  desc r ibes  the  mod i f i ca t ion  of an H R I R  

Photofacs imi le  Recorder t o  provide a r e c t i f i e d  p r e s e n t a t i o n  

of t h e  HRIR p i c t u r e .  This s i m p l i f i e s  i n t e r p r e t a t i o n  and re- 

p l o t t i n g  of t h e  recorded da ta  onto o t h e r  maps. 

mod i f i ca t ion  involved p r e c i s i o n  cam redes ign ,  f i l m  feed  

ra te  change and f i l m  exposure compensation. T e s t  r e s u l t s  

v e r i f i e d  t h e  f e a s i b i l i t y  of r e c t i f y i n g  t h e  p i c t u r e  dur ing  

readout .  The p i c t u r e  format r equ i r ed  d i sca rded  t h e  hor izon  

d a t a .  Supplementary u s e  of t h i s  da t a  t o  e v a l u a t e  s a t e l l i t e  

po in t ing  s t a b i l i t y  was deemed important  by o t h e r  u se r s .  

composite readout  including t h e  hor izon  view i s  recommended 

a long  wi th  i n v e s t i g a t i o n  of p rovid ing  a f u l l y  r e c t i f i e d  

p i c t u r e .  

Equipment 

A 
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SECTION 1 

H R I R  READOUT 

The NIMBUS s a t e l l i t e  ca r ry ing  t h e  H R I R  experiment pro- 

duces pole-to-pole p i c t u r e s  with a horizon-to-horizon view of 

t h e  weather and ground f e a t u r e s  below t h e  s a t e l l i t e .  These 

p i c t u r e s  a r e  produced on 70mm f i l m  i n  a Photofacs imi le  Recorder 

a t  t h e  ground a c q u i s i t i o n  s t a t i o n  from s i g n a l s  s e n t  by t h e  

s a t e l l i t e  when it i s  w i t h i n  range of t h i s  s t a t i o n .  A n  o p t i c a l  

system i n  t h e  s a t e l l i t e  forms a n  i n f r a r e d  image of t h e  a r e a  

beneath t h e  s a t e l l i t e  wi th  a s m a l l  p o r t i o n  of t h e  image h i t t i n g  

an i n f r a r e d  sensor .  A r o t a t i n g  mi r ro r  sweeps t h i s  image a c r o s s  

t h e  i n f r a r e d  sensor  and i t  "sees"  i n  sequence e lementa l  a r e a s  

I 
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s t r u c t  a p i c t u r e  on an  element-by-element b a s i s .  Under i d e a l  

c o n d i t i o n s  t h e  o r b i t  i s  c i r c u l a r  and t h e  c r b i t a l  v e l o c i t y  i s  

c o n s t a n t .  The r e s u l t a n t  spacing of t h e  scan l i n e s  on t h e  

e a r t h  s u r f a c e  i s  c o n s t a n t  and the  uniform f i l m  feed i n  t h e  

Photofacs imi le  Recorder matches t h e  s a t e l l i t e  o r b i t  motion. 

One of t hese  p i c t u r e s  i s  shown i n  F igu re  1, which is a p o r t i o n  

of a pole-to-pole s t r ip .  Figure 1 was obta ined  from NIMBUS I 

which was i n  a n  e l l i p t i c a l  rather than  c i r c u l a r  o r b i t .  While 

having the  obvious advantage of provid ing  a cont inuous recon- 

s t r u c t i o n  of the  weather scene from horizon-to-horizon and 

pole-to-pole,  wi thout  a n  in te rmedia te  montage of frames, t h i s  

method of  scanning has  s l a n t  angle  viewing d i s t o r t i o n .  The 

d i s t o r t i o n  is  p a r t i c u l a r l y  apparent  towards t h e  hor izon  where  

t h e  scanning goes through a tangent  r e l a t i o n  t o  the e a r t h ' s  

s u r f a c e  and i s  a minimum below t h e  s a t e l l i t e .  

Figure 2 ,  shows t h e  scanning geometry a long  t h e  s c a n  l i n e .  

The l e f t  s ide  shows t h e  s a t e l l i t e  i n  t h e  apogee p o s i t i o n  and 

t h e  r i g h t  s i d e  shows the  scanning p o i n t  i n  t h e  pe r igee  p o s i t i o n .  

The scan beam i n  Figure 2 is shown i n t e r c e p t i n g  the  e a r t h ' s  

s u r f a c e  a t  1 5  degree increments of i t s  r o t a t i o n .  I n  t h e  apogee 

p o s i t i o n  of t h e  o r b i t ,  when the scan beam i s  a t  60 degrees ,  

i t  has  passed beyond t h e  horizon and i s  sens ing  space.  I n  t h e  

pe r igee  p o s i t i o n ,  t he  scan beam a t  60 degrees  i s  looking approx- 

ima te ly  1 5  longi tude  degrees  t o  t h e  s i d e  of  t h e  zeni th-nadi r  

l i n e .  The a l t i t u d e  of t h e  s a t e l l i t e  has  two e f f e c t s  upon t h e  

scanning geometry. F i r s t ,  i t  e f f e c t s  the  h o r i z o n t a l  d i s t o r -  

t i o n  i n  t e r m s  of t he  a r c  d i s t ance  a long  t h e  e a r t h ' s  s u r f a c e ,  

and secondly i t  has a va r i ab le  spac ing  of t he  scan l i n e s  due 

t o  t h e  v a r i a t i o n  of o r b i t a l  v e l o c i t y  from apogee t o  pe r igee .  
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Usable weather  p i c t u r e s  a r e  produced even w i t h  t h e s e  

d i s t o r t i o n s  when t h e  d i f f e r e n c e  i n  a l t i t u d e  between apogee 

and p e r i g e e  i s  n o t  g r e a t .  The appa ren t  change. i n  s l a n t  range 

of t h e  p i c t u r e  readout  and of  t h e  v e r t i c a l  s c a l e  a long  o r b i t a l  

t rack i s  n o t  s u f f i c i e n t  t o  be ob jec t ionab le .  The i n j e c t i o n  

of g r i d  p o i n t s  i n  t h e  p i c t u r e  readout  a i d s  i n  making est imates  

of  t h e  magnitude of weather d i s tu rbances  observed. Where 

more precise measurements a r e  d e s i r e d ,  such a s  i n  p l o t t i n g  

t h e  diameter of t h e  s torm o r  examining geographic  r e l a t i o n s  

of l and  masses, t h e  d i s t o r t i o n s  of s l a n t  viewing and v e r t i c a l  

l i n e  spac ing  become impor tan t  and should be removed. 

3 



SECTION 2 

IMAGE RECTIFICATION 

The p o s s i b i l i t i e s  of  image r e c t i f i c a t i o n  i n  e x i s t i n g  

equipment a re  a f u n c t i o n  of severa l  r e l e v a n t  f a c t o r s .  The H R I R  

1 and MK 2 Photo Facs imi l e  Recorders w e r e  des igned  t o  provide  a 

r eadou t  which h a s  a s a t e l l i t e  cen te red  p r o j e c t i o n  p i c t u r e .  T h i s  

p r o j e c t i o n  i s  shown i n  F igure  3 which shows t h e  r eco rd ing  geometry. 

T o  t h e  l e f t  of t h e  zeni th-nadi r  l i n e  t h e  o r i g i n a l  s a t e l l i t e  

c e n t e r e d  p r o j e c t i o n  s u r f a c e  i s  shown. I n  t h i s  case, t h e  geometry 

of t h e  r e c o r d e r  was selected so t h a t  t h e  s c a n  beam p r o j e c t e d  on 

t h e  f i l m  moved a c r o s s  t h e  record ing  f i l m  w i t h  a uniform, l i n e a r  

v e l o c i t y .  

of t h e  scanning u n i t  i n  t h e  s a t e l l i t e .  

f i l m  w i t h  h i s  eye placed above t h e  middle of t h e  f i l m  i s  a b l e  

t o  view t h e  image from t h e  same p r o j e c t i o n  p o i n t  a s  t h e  s a t e l l i t e  

scanning.  The f i l m  must be formed t o  a c y l i n d r i c a l  s e c t i o n  a s  

shown i n  " s a t e l l i t e  cen te red  p r o j e c t i o n  s u r f a c e " .  T h i s  type of 

p r o j e c t i o n  i s  p r e f e r a b l e  where i n s u f f i c i e n t  knowledge o r  speci- 

f i c a i o n  e x i s t s  of t h e  parameters of s a t e l l i t e  a l t i t u d e .  I t  h a s  

t h e  advantage of e l i m i n a t i n g  the  e f f e c t s  of a l t i t u d e  v a r i a t i o n  

on t h e  p i c t u r e  r eadou t  and main ta ins  t h e  r e s o l u t i o n  on t h e  f i l m  

a t  a c o n s t a n t  f i g u r e  i n  r e l a t i o n  t o  t h e  a n g u l a r  r e s o l u t i o n  of t h e  

H R I R  scanner .  The p i c t u r e  a r c  l e n g t h  S of t h e  s a t e l l i t e  cen- 

tered image i s  p r o j e c t e d  o n t o  t h e  f i l m  a s  a f i l m  l e n g t h  wi th  a 

p r o p o r t i o n a l i t y  f a c t o r  K t imes t h e  a n g u l a r  p o s i t i o n  fd of t h e  

s a t e l l i t e  scanner  measured a g a i n s t  t h e  z e n i t h - n a d i r  l i n e .  T h i s  

p r o j e c t i o n  system r e s e r v e s  t h e  po in t - to -po in t  r e l a t i o n  on t h e  

T h i s  corresponded t o  t h e  uniform a n g u l a r  v e l o c i t y  

An obse rve r  viewing t h e  

F 

S 
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. 

p i c t u r e  b u t  i n t roduces  d i s t o r t i o n s  i n  s u r f a c e  s c a l e  due t o  

v a r i a t i o n s  of s a t e l l i t e  a l t i t u d e  a s  i n d i c a t e d  i n  F igure  2 .  

An a l t e r n a t e  p r o j e c t i o n  system i s  shown t o  t h e  r i g h t  of 

t h e  zeni th-nadi r  l i n e  i n  Figure 3.  I n  t h i s  ca se ,  a s c a l e  pro- 

j e c t i o n  s u r f a c e  r e l a t e d  t o  the e a r t h  i s  used. The s c a l a r  f a c t o r  

is  t h e  e a r t h  su r face  arc  length S which i s  p r o j e c t e d  onto  t h e  

f i l m  wi th  a p r o p o r t i o n a l i t y  cons tan t  K 

measured along t h e  e a r t h ' s  su r f ace  scan  l i n e  a r e  d i r e c t l y  pro- 

j e c t e d  i n  s c a l e  onto  the  f i lm.  T h i s  p r o j e c t i o n  technique c o n t a i n s  

e f f e c t  of t h e  a l t i t u d e  H of t h e  s a t e l l i t e .  The a r c  l eng th  S 

sub tended by t h e  angle  pl of the s a t e l l i t e  scan beam is expressed 

by t h e  equat ion  shown a t  t h e  bottom r i g h t  i n  F igure  3 .  This  

equa t ion  shows t h e  a r c  l eng th  a t  t h e  e a r t h  s u r f a c e  S t o  be a 

func t ion  of t h e  e a r t h  r ad ius ,  t he  s a t e l l i t e  a l t i t u d e  and t h e  

a n g l e  a t  which t h e  scanner views t h e  e a r t h ,  wi th  t h e  zen i th -nad i r  

l i n e  de f ined  as  t h e  ze ro  angle.  With a s a t e l l i t e  o r b i t  c i r c u l a r ,  

H becomes a cons t an t .  For e c c e n t r i c  o r b i t s ,  H becomes a func t ion  

of T t h e  t i m e  i n  o r b i t a l  p o s i t i o n .  

Now, l i n e a r  d i s t a n c e s  
E '  

The H R I R  MK 1 and MK 2 Photo Recorders were designed for 

t h e  s a t e l l i t e  cen te red  p r o j e c t i o n  readout  w i th  no c o r r e c t i o n  of 

s a t e l l i t e  a l t i t u d e  o r  o r b i t a l  v e l o c i t y .  Th i s  des ign  imposes 

l i m i t a t i o n s  on a l lowable  modi f ica t ions .  V a r i a t i o n s  i n  o r b i t a l  

v e l o c i t y  wi th  r e s u l t a n t  v a r i a t i o n s  of scan l i n e  spac ing  on t h e  

readout  would r e q u i r e  a cont inuously v a r i a b l e  f i l m  feed  system. 

Th i s  i s  n o t  p o s s i b l e  w i t h i n  t h e  e x i s t i n g  f i x e d  gea r  t r a i n  of t h e  

H R I R  Recorders. Concurrent ly  wi th  a v a r i a b l e  spac ing  of subsequent 

scan l i n e s  on the  f i l m ,  t he  v e r t i c a l  h e i g h t  of t h e  a p e r t u r e  would 

also r e q u i r e  adjustment  t o  avoid ove r l ap  of success ive  scan  l i n e s  

5 



a t  c l o s e  spacing o r  under lap  a t  wide spacing.  Again, t h e  i n i t i a l  

equipment was designed f o r  a f i x e d  magn i f i ca t ion  of t h e  p h y s i c a l  

a p e r t u r e  onto  t h e  f i l m .  

The l i n e  sweep of t h e  Photo Recorder i s  genera ted  by a 

cam a c t i o n  a s  shown i n  Figure 4. Rota t ion  of t h e  cam o s c i l l a t e s  

a mi r ro r .  A modulated l i g h t  beam from t h e  a p e r t u r e  i s  r e f l e c t e d  

from t h e  mi r ro r  s u r f a c e  through a p r o p o r t i o n a t e  ang le  onto  the  

f i l m .  The i n i t i a l  p r o f i l e  of this cam was s e l e c t e d  t o  be com- 

p a t i b l e  w i th  t h e  s a t e l l i t e  cen tered  p r o j e c t i o n  system. The 

b a s i c  equa t ions  f o r  t he  cam r i s e  a r e  shown i n  F igure  4. R and 
S 

R a r e  s a t e l l i t e  and e a r t h  centered  r ise  equat ions .  Since t h e  

major d i s t o r t i o n s  i n  t h e  readout of t h e  H R I R  occur  i n  t h e  l a t e r a l  

p l o t t i n g  of t he  image p o i n t s  t o  the  s ide of t h e  s a t e l l i t e  sub- 

t r a c k ,  experimentat ion on t h i s  c o n t r a c t  was r e s t r i c t e d  t o  cor-  

r e c t i n g  t h i s  form of e r r o r .  The p l a t e  cam des ign  does not  a l low 

t h e  i n t r o d u c t i o n  of t h e  a l t i t u d e  v a r i a t i o n .  

E 

A c o r r e c t i o n  of t h e  h o r i z o n t a l  p l o t t i n g  of t h e  p i c t u r e  

element a c r o s s  t h e  f i l m  so t h a t  t h e  same l i n e a r  d i s t a n c e  along 

t h e  scan  l i n e  would r ep resen t  t h e  same s c a l e  mi les ,  changes t h e  

s p o t  v e l o c i t y  p r o p o r t i o n a l l y .  V a r i a t i o n s  of v e l o c i t y  of a con- 

s t a n t  i n t e n s i t y  spo t  on t h e  f i l m  s u r f a c e  w i l l  r e s u l t  i n  v a r i a t i o n s  

of d e n s i t y  i n  t h e  developed f i l m .  A c o r r e c t i o n  mus t  t h e r e f o r e  

be in t roduced  i n t o  t h e  o p t i c a l  system which a t t e n u a t e s  t h e  l i g h t  

beam a t  t h e  c e n t e r  of scan so t h e  exposure i s  the same a t  t h e  

c e n t e r  a s  it i s  a t  t h e  end of t h e  scan.  T h i s  a t t e n u a t i o n  may 

be accomplished by in t roducing  a n e u t r a l  d e n s i t y  f i l t e r  i n  f r o n t  

of t h e  f i lm .  The n e u t r a l  d e n s i t y  f i l t e r  would have a v a r i a t i o n  

i n  i t s  t ransmiss ion  c o e f f i c i e n t  a long t h e  scan l i n e  so t h a t  a 
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maximum of l i g h t  i s  t r ansmi t t ed  a t  e i t h e r  end of t h e  scan  l i n e  

and a p r o p o r t i o n a t e  m i n i m u m  a t  t h e  c e n t e r .  An a l t e r n a t e  t o  

i n t r o d u c t i n g  t h e  f i l t e r  i s  t o  in t roduce  an opaque mask which  

e f f e c t i v e l y  s t o p s  down t h e  beam i l l u m i n a t i n g  t h e  f i l m .  Th i s  

mask would d i p  i n t o  t h e  beam from e i t h e r  t h e  t o p  o r  t h e  bottom, 

blocking o u t  a p o r t i o n  of the  l i g h t  forming t h e  image. A t  t h e  

ends of t h e  scan l i n e  t h e  edge of t h e  mask would be curved away 

s o  t h e  f u l l  i l l u m i n a t i o n  through t h e  o p t i c a l  system would f a l l  

on to  t h e  f i l m .  

With a change i n  t h e  p r o j e c t i o n  system used f o r  reading  

ou t  t h e  p i c t u r e  d a t a ,  t h e  p i c t u r e  format would change t o  a c e r -  

t a i n  degree.  Analys is  of t h e  o r b i t a l  s e p a r a t i o n  of success ive  

o r b i t s ,  shows approximately 1,900 mi l e s  s e p a r a t i o n  between suc -  

c e s s i v e  o r b i t s  a s  t he  s a t e l l i t e  c r o s s e s  t h e  equator .  A s c a l e  

f a c t o r  was t h e r e f o r e  chosen fo r  t h e  f i l m  so t h a t  t h e  54 m i l l i -  

meters  of p i c t u r e  readout  would correspond t o  1 ,900  s t a t u t e  

m i l e s .  T h i s  h o r i z o n t a l  s c a l e  f a c t o r  would provide  full coverage 

of t h e  e a r t h  with a small  amount of ove r l ap  a t  t h e  equator  and 

s u c c e s s i v e l y  inc reas ing  over lap  a s  e i t h e r  p o l e  i s  approached. 

Th i s  p i c t u r e  format would e l imina te  t h e  weather from beyond t h a t  

p o i n t  t o  t h e  horizon,  on t h e  horizon,  and t h e  space view. 
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SECTION 3 

DESIGN MODIFICATIONS 

The des ign  of t he  MK 1 and MK 2 H R I R  Photo Recorders 

l i m i t e d  t h e  experiment t o  a c o r r e c t i o n  of t h e  s l a n t  range d i s -  

t o r t i o n  on t h e  photo readout .  A non- l inear  cam p r o f i l e  was 

designed t o  f i t  t h e  r eco rde r  o p t i c a l  and mechanical c o n s t a n t s .  

The b a s i c  equat ion  of t h i s  p r o f i l e  i s  shown i n  F igure  4 wi th  t h e  

r ise de f ined  as r 

r a d i u s  of t h e  mi r ro r  system, and F ,  t h e  f o c a l  l eng th  of t h e  

o b j e c t i v e  l e n s .  Other cons t an t s  a r e  b ,  t h e  e a r t h  r a d i u s  and 

H, t h e  s a t e l l i t e  a l t i t u d e .  The value of t h e  r a d i u s  of a sphere 

of equa l  volume was s e l e c t e d  f o r  b. The s a t e l l i t e  a l t i t u d e  H 

was s e l e c t e d  a s  t h e  des ign  a l t i t u d e  of 600 n a u t i c a l  m i l e s  and 

was assumed t o  be f i x e d  f o r  the purpose of t h i s  experiment. 

The cam r o t a t i o n ,  e, corresponds d i r e c t l y  t o  t h e  r o t a t i o n  of 

t h e  scanning mi r ro r  i n  t h e  s a t e l l i t e .  A p r e c i s i o n  cam was de- 

s igned t o  t h e  t h e o r e t r i c a l  equat ions f o r  i n s t a l l a t i o n  i n  t h e  

photo r eco rde r  i n  p l a c e  of t h e  e x i s t i n g  cam. 

The machine c o n s t a n t s  a r e  L ,  t he  fo l lower  E' 

The h o r i z o n t a l  s c a l e  on t h e  f i l m  was de f ined  a t  1 ,900 

s t a t u t e  m i l e s  f o r  t h e  54 mil l ime te r  width of readout .  A new 

set of f i l m  feed  gea r s  w a s  designed t o  provide a ve r t i ca l  feed  

p r o p o r t i o n a t e  t o  t h e  h o r i z o n t a l  s c a l e  f a c t o r .  These g e a r s  a r e  

a p a i r  of p a r a l l e l  h e l i c a l  gears .  Gear r a t i o s  a r e  r e s t r i c t e d  

t o  whole number r a t i o s .  The gear r a t i o  s e l e c t e d  f o r  t h e  f i l m  

feed  provided an o v e r a l l  d r i v e  t h a t  was w i t h i n  one p a r t  i n  10 ,000  

of t h e  t h e o r e t r i c a l  f i l m  feed  r a t e .  T h i s  f i g u r e  i s  f a r  l e s s  

t h e  normal shr inkage of f i l m  i n  p rocess ing  and is w e l l  w i t h i n  

a c c e p t a b l e  l i m i t s  f o r  t he  f i l m  feed.  
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A l i g h t  mask was s e l e c t e d  a s  t h e  c o r r e c t i o n  technique f o r  

main ta in ing  uniform exposure a c r o s s  the  f i l m  a t  c o n s t a n t  signal.  

l e v e l .  The des ign  approach i s  shown i n  F igure  5. A n  ove r s i zed  

scale graphic  l ayou t  was made of t h e  i l l u m i n a t i n g  beam which 

images t h e  p i c t u r e  e lemental  area on t h e  scan l i n e .  The s i d e  

v i e w  of F igure  5 shows the  l i n e  h e i g h t  i n  exaggerated form. 

The p l a n  view shows t h e  s c a n  l i n e  w i t h  t he  beam as  i t  s h i f t s  

from l e f t  t o  r i g h t  a long  t h e  scan l i n e .  The l ayou t  of t h e  mask 

is  shown above the  p l a n  view. An a d j u s t i n g  s c r e w  i s  placed a t  

each end of t h e  mask t o  a l low it t o  be brought  down so t h e  mask 

p r o f i l e  would be tangent  t o  t h e  converging l i g h t  beam a t  both 

ends of t h e  scan p o s i t i o n .  The edge of t h e  mask d i p s  down i n t o  

t h e  converging l i g h t  beam obscuring g r e a t e r  and g r e a t e r  p o r t i o n s  

u n t i l  a maximum blocking occurs a t  t h e  c e n t e r  of scan.  A n  

i d e n t i c a l  cu rva tu re  i s  used f o r  both ha lves  of t h e  mask. Theore- 

t i c a l l y ,  t h i s  type  of c o r r e c t i o n  of exposure a long  t h e  scan l i n e  

would produce uneven i l l umina t ion  w i t h i n  t h e  image of t he  a p e r t u r e  

on t h e  f i l m .  Th i s  i s  shown i n  t h e  s i d e  view. When t h e  mask 

p r o j e c t s  h a l f  way down,it obscures a major p o r t i o n  of t h e  cone 

which forms t h e  image p o i n t  of t h e  l e f t  edge of t he  scan l i n e  and 

obscures  l e s s ' o f  t h e  converging cone f o r  t h e  image p o i n t  which 

forms t h e  oppos i t e  s i d e  of t h e  scan  l i n e .  When t h e  l i n e  h e i g h t  

i s  very s m a l l  compared t o  t h e  o v e r a l l  d iameter  of t he  base of t h e  

converging l i g h t  cone, t h i s  e f f e c t  i s  reduced. I t  i s  f u r t h e r  

reduced by s e l e c t i n g  a p o s i t i o n  of t he  mask p l ane  s u f f i c i e n t l y  

f a r  from t h e  image p lane  s o  the back p r o j e c t i o n  of scan l i n e  

h e i g h t  r e p r e s e n t s  a small  f r a c t i o n  of t h e  cone diameter  a t  t h e  

masking plane.  

The v e l o c i t y  of a s p o t  of l i g h t  a c r o s s  t h e  f i l m  w a s  com- 

puted from t h e  b a s i c  cam equation. A c o r r e c t i o n  f a c t o r  was a l s o  
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i n t roduced  for t h e  n a t u r a l  reduct ion  i n  i l l u m i n a t i o n  when a l e n s  

i s  working o f f  a x i s .  Th i s  i s  t h e  w e l l  known cos ine  t o  t h e  f o u r t h  

power l a w  of l e n s  i l l umina t ion .  The combinati0.n of these f a c t o r s  

gave a c o e f f i c i e n t  which determined how much of t h e  converging 

cone of l i g h t  would r e q u i r e  blocking o f f .  

On t h e  scale l a y o u t ,  c i rc les  w e r e  drawn f o r  success ive  

l i g h t  beam p o s i t i o n s  and p ropor t iona te  pa r t s  of t h e  c i r c l e  were 

d e l e t e d .  The r e s u l t i n g  composite f i g u r e  of  t h e  s e c t i o n s  of t he  

c i rc le  then e s t a b l i s h e d  p o i n t s  a long  t h e  curve  of t h e  mask. A 

smooth curve  w a s  drawn through t h i s  l a y o u t  t o  e s t a b l i s h  the  

p r o f i l e  of t h e  mask. From t h i s  l a y o u t ,  a reduced scale  drawing 

w a s  made f o r  a c t u a l  manufacture of  t h e  mask t o  be i n s t a l l e d  i n  

t h e  Photo Recorder. 
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SECTION 4 

TEST RESULTS 

The H R I R  Photo Recorder was r ece ived  from NASA. A p r e -  

l i m i n a r y  series of s t a t u s  t e s t s  were performed t o  e s t a b l i s h  t h e  

equipment performance i n  r e l a t i o n  t o  i t s  o r i g i n a l  d e l i v e r e d  

performance. 

t h e  equipment t o  pas s  the  previous q u a l i f i c a t i o n  t e s t s .  The 

machine was then disassembled and t h e  feed g e a r s ,  new a p e r t u r e ,  

l i g h t  mask assembly and p r e c i s i o n  cam were p u t  i n  p l ace .  

N o  d e t e r i o r a t i o n  was found i n  t h e  c a p a b i l i t y  of 

A new tes t  procedure was prepared  t o  r e f l e c t  t he  changes 

s p e c i f i e d  by t h e  c o n t r a c t  f o r  t h i s  p a r t i a l  r e c t i f i c a t i o n  ex- 

periment.  The new feed  gear  r a t i o  was measured i n  terms of 

f i l m  feed  and performed a s  expected. 

a d j u s t e d  t o  provide t h e  proper  amount of scan l i n e  blending on 

t h e  f i l m .  

The matching a p e r t u r e  was 

The l i g h t  mask assembly was i n s t a l l e d  and a d j u s t e d  on t h e  

u n i t .  Pre l iminary  a t t empt s  t o  u t i l i z e  a photo meter t o  set  t h e  

exposure a t  t h e  scan l i n e  d i d  not produce v a l i d  r e s u l t s .  L a t e r  

ad jus tments  u t i l i z e d  densi tometer  measurements of t h e  f i l m  t o  

c o r r e c t  mask p o s i t i o n  t o  provide n e a r l y  c o n s t a n t  d e n s i t y  a c r o s s  

t h e  f i l m  t o  w i t h i n  s p e c i f i c a t i o n s .  

The t e s t i n g  of t h e  p r e c i s i o n  cam provided t h e  g r e a t e s t  

d i f f i c u l t y  on t h i s  equipment. The angu la r  v e l o c i t y  change of 

t h e  mi r ro r  is approximately 4 t o  1 wi th  the  g r e a t e s t  v e l o c i t y  

occur r ing  a t  t h e  ends of t h e  scan l i n e  j u s t  p r i o r  t o  the  beginning 
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of retrace and t h e  end of  r e t r a c e .  I n i t i a l  f i l m  r e s u l t s  shoi ed 

e x c e s s i v e  v e r t i c a l  s t r e a k i n g  on t h e  p i c t u r e .  A r e - a n a l y s i s  of 

t h e  c a m  des ign  t o l e r a n c e s  and c o r r e l a t i o n  of t h e  f i l m  pa t t e rns  

w i t h  t h e  s u r f a c e  f i n i s h  of the  cam, l e d  t o  t h e  conclus ion  t h a t  

t h e  c a m  t o l e r a n c e s  should be smaller. A t e c h n i c a l  conference 

w i t h  t h e  cam manufacturer  and an  a n a l y s i s  of h i s  p r e c i s i o n  

g r i n d i n g  equipment, i n d i c a t e d  t h a t  t h e  t o l e r a n c e s  could  be c u t  

i n  h a l f  f o r  t h e  d e s i r e d  h ighe r  p r e c i s i o n .  

The cam w a s  reground t o  t h e  g r e a t e r  p r e c i s i o n  deemed 

necessary .  Upon r e i n s t a l l a t i o n  of t h e  cam i n  t h e  equipment, 

t h e  v e r t i c a l  p a t t e r n  w a s  s i g n i f i c a n t l y  reduced. F u r t h e r  exper-  

imen ta t ion  and i n t r o d u c t i o n  of damping upon t h e  fo l lower  arm, 

reduced t h e  s t r e a k i n g  t o  an  accep tab le  l e v e l  on t h e  f i l m  r eadou t .  

Subsequent t e s t i n g  of t h e  p i c t u r e  s p o t  p o s i t i o n  a g a i n s t  t h e  c a m  

r o t a t i o n  showed t h e  u n i t  m e t  t h e  des ign  parameters f o r  c o r r e c t i n g  

t h e  s l a n t  range d i s t o r t i o n  on t h e  readout .  A t  t h e  complet ion of 

t h e  t e s t i n g  of t h e  equipment at Westrex, t h e  u n i t  w a s  shipped f o r  

f i e l d  e v a l u a t i o n  and t e s t i n g .  
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SECTION 6 

C ONCLUS IONS 

The p a r t i a l  r e c t i f i c a t i o n  of t h e  H R I R  Photographic readout  

showed up t h e  advantages of having a simple s c a l a r  system f o r  

r e p l o t t i n g  weather information onto s tandard  Mercator maps. 

Whi l e  t h e  experiment l i m i t e d  i t s e l f  t o  r e c t i f i c a t i o n  on t h e  

s l a n t  range,  t h e  equat ions  der ived f o r  t h e  r e c t i f i c a t i o n  des ign  

showed i t  is  a l s o  p o s s i b l e  t o  correct f o r  s a t e l l i t e  a l t i t u d e  

and o r b i t a l  v e l o c i t y  v a r i a t i o n s .  Cor rec t ion  of t h e s e  parameters  

would r e q u i r e  a r edes ign  of t h e  machine t o  a l low a v a r i a b l e  

f i l m  feed  t o  accommodate t h e  v e l o c i t y  v a r i a t i o n ,  a t h r e e  dimen- 

s i o n a l  cam which would have a continuous range of p r o f i l e s  t o  

accommodate t h e  a l t i t u d e  e f f e c t s  on a s l a n t  range d i s t o r t i o n ,  

and a v a r i a b l e  magn i f i ca t ion  of t h e  p h y s i c a l  a p e r t u r e  onto  t h e  

f i l m  t o  be c o n s i s t a n t  with the  v a r i a t i o n  of l i n e  spac ing  due t o  

t h e  o r b i t a l  v e l o c i t y  e f f e c t s .  

The p i c t u r e  formats of t h i s  experiment a r e  shown i n  F i g u r e  

7 ,  A and B. F igure  7 shows t h e  format of the  e x s i s t i n g  H R I R  

photo readout .  Horizon and space d a t a  a r e  r e t a i n e d  w i t h  t h e  un- 

r e c t i f i e d  readout  due t o  t h e  s a t e l l i t e  c e n t e r  p r o j e c t i o n  system 

recorded on t h e  f i lm .  F igure  7 ,  B shows t h e  format u t i l i z e d  i n  

t h e  r e c t i f i c a t i o n  experiment i n  which t h e  h o r i z o n t a l  sweep l i n e  

of 1,900 s t a t u t e  mi l e s  was sca led  t o  f i t  w i t h i n  t he  54 m i l l i -  

meters of t h e  f i l m .  

A composite readout  i s  shown i n  C of F igure  7. This  was 

not  t e s t e d  i n  t h i s  experiment. I n  t h i s  case  t h e  1,900 s t a t u t e  

m i l e s  of r e c t i f i e d  e a r t h  i s  r e t a i n e d  i n  t h e  c e n t e r  of t h e  p i c t u r e .  
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A marker l i n e  i s  p laced  a t  t h e  b e g i m i n g  and end of the r e c t i -  

f i e d  p o r t i o n  and t h e  balance of t h e  f i l m  is  u t i l i z e d  t o  p r i n t  

o u t  the  u n r e c t i f i e d  d a t a  o u t  p a s t  t h e  horizon.  . T h i s  u n r e c t i -  

f i e d  p o r t i o n  could u t i l i z e  a s a t e l l i t e  cen te red  geometry t o  

supplement t h e  d a t a  of t h e  r e c t i f i e d  p o r t i o n  of t he  readout .  

A composite p i c t u r e  of t h i s  form would r e t a i n  the advantage,  

i n  t h e  c e n t e r ,  of easy  t r a n s f e r  of d a t a  from one g raph ic  projec- 

t i o n  system t o  another .  I n  a d d i t i o n ,  i t  would provide t h e  

supplementary experimental  information of s a t e l l i t e  s t a b i l i t y  

performance, i n d i c a t e d  by undulat ions of t h e  hor izon  l i n e ,  and 

p re l imina ry  d a t a  on t h s  weather towards the  hor izon  a l though 

w i t h  a t t e n d e n t  s l a n t  range compression. 

The p o s s i b i l i t i e s  of designing a photo f a c s i m i l e  recorder 

t o  r e c t i f y  f u l l y  i n  both d i r e c t i o n s  i s  i n h e r e n t  i n  t h e  basic 

equat ion  for  the  c a m  p r o f i l e .  Whether such a f u l l y  r ec t i f i ed  

readout  i s  needed f o r  t h i s  type of weather eva lua t ion  or  t h e  

f o r m  of H R I R  weather data p r e s e n t a t i o n  w i l l  be superceded by 

o t h e r  systems, i s  dependent on t h e  performance of many o t h e r  

experiments and t h e o r i e s  i n  the meteoro logica l  f i e l d .  
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